Introduction
============

Collecting blood samples from individual laboratories and studying in one center has become more popular in recent years to ease health care costs. Accordingly, the extra-analytical factors affecting the analysis process such as different transportation conditions, prolonged storage at high or low temperature, improper handling (without frozen packs), are still sources of interest ([@b1-biochem-med-22-2-202-7],[@b2-biochem-med-22-2-202-7]). Though it is highly recommended to study tests from freshly drawn serum or plasma, delay in the testing process or reuse of the samples for missing results that may cause false concentrations are sometimes inevitable ([@b3-biochem-med-22-2-202-7]--[@b5-biochem-med-22-2-202-7]).

For many years the blood collection tubes have been used both with and without gel separator. During centrifugation, gel undergoes a temporary change in viscosity and lodges between the packed cells and the top serum layer. Advantages of separator tubes are rapid separation of serum from cellular constituents of blood, easy transportation, elimination the need of aliquoting serum, and reduction the aerosolization of hazardous substances ([@b6-biochem-med-22-2-202-7]).

However, blood collection tube additives also can be a source of analytical errors. Inorganic silicates, or ellagic acid, thrombin and tromboplastin are frequently used clot activators. Occasionally, clot activator particles may not pellet completely with the clot and may remain in the serum layer, causing interferences by coating pipetting devices especially during storage of the collection tube with improper storage temperatures ([@b7-biochem-med-22-2-202-7],[@b8-biochem-med-22-2-202-7]).

While interference mechanism of the tube components may be due to additives; where the interfering substance is present in the tube, chemical inhibition or activation in the assay by tube components, it is recommended to test tube component interference by collecting samples either at plain tubes and tubes with additives ([@b9-biochem-med-22-2-202-7]).

The information available for sample stability is incomplete and confusing, especially af ter prolonged contact of sera with clot or gel. Most of the studies were designed by assessing the stability of parameters prior to centrifugation or with whole blood stored for a few days. The main objective of our study was to evaluate whether the separator gel or clot in tubes influence the concentrations of 16 selected parameters in a clinically significant way. To mimic the delays in processing or shipping in the different tube types, we focused on four preanalytical conditions; a delay in processing of plain serum at 4 ºC, and at 24 ºC, and a delay in processing of serum in gel tube at 4 ºC, and at 24 ºC up to one week of storage in ten time intervals. This study may help to verify the optimum stability conditions for mailed specimens before reaching the laboratory.

Materials and methods:
======================

Subjects
--------

This experimental study was carried out in March 2010. The study group consisted of fifteen voluntary physicians and laboratory technicians (9 females and 6 males, age range 24--45 years), who gave written informed consent form for testing. The procedures we used were in accordance with the guidelines of the Helsinki Declaration on human experimentation.

Blood sampling
--------------

Blood was collected by using Vacuette^®^ Standard tube holder and Vacuette^®^ 21-gauge, 0.80 × 38 mm multisample needle (Vacuette, Greiner Bio-One, Kremsmünster, Austria).

Blood specimens were drawn into following types of plastic tubes: Vacuette^®^ Tube Serum No Gel 9 mL (Ref. No. 455092) (Serum Plain) and Vacuette^®^ Tube Serum Gel Separator 8 mL (Ref. No. 455071) (Serum Gel).

Fasting venous blood was randomly collected in the morning from each participant by a single venipuncture to control for any draw order bias and the tubes were filled completely. Blood (totally, 34 mL) was collected from each volunteer using two serum separator tubes with gel and two without gel. All were categorized according to tube types and storage temperatures: Group I (N = 15) Serum Gel at 24 ºC (room temperature defined as RT);Group II (N = 15) Serum Gel at 4 ºC (chilled);Group III (N = 15) Serum Plain at 24 ºC;Group IV (N = 15) Serum Plain at 4 ºC.

Sera were allowed to clot for 30 min at RT and then centrifuged at 2200 x g for 10 min. Immediately following centrifugation, all specimens were analyzed within 30-min to obtain the "0 hours = T~0~" (baseline) values. Tubes of each group were then stored at particular storage temperatures (RT or chilled) and analyzed at different time intervals (6-, 12-, 18-, 24-, 30-, 36-, 48-, 72-hour and 1 week). To evaluate the stability of analytes in serum separator tubes, sera were stored on the gel or on the clot during the process. The tubes were kept avoiding from light exposure at RT or chilled during all storage times up to one week. To avoid evaporation, sample tubes were kept closed until analysis.

Methods
-------

The following analytes were studied: metabolites: glucose, total bilirubin, creatinine, BUN, uric acid;proteins: total protein, albumin;lipids: triglycerides, cholesterol, HDL;enzymes: ALP, ALT, AST, CK, GGT, and LD.

All assays were performed on the Abbott Aeroset (Abbott, Wiesbaden, Germany), according to the manufacturer's specifications by using proprietary reagents at the Department of Biochemistry Laboratory of Ataturk Training and Research Hospital in Izmir, Turkey.

Intra-assay analytical CV's were determined by two levels of control materials (Bio-Rad Laboratories, Milano, Italy) (N = 10, from each level on the same plate) on the same day before biochemical analysis ([Table 1](#t1-biochem-med-22-2-202-7){ref-type="table"}). Additionally, for accuracy and internal quality check, two levels of control materials and the test samples were assayed in the same analytical run at each assay point during the process. All values of QC samples for analytes were within ± 2 SD (standard deviation) of their respective target means during the entire investigation.

Statistical analysis
--------------------

In the current study, to determine time dependent changes, the median from all 15 volunteers for each analyte was obtained for each time interval at each group. Statistically significant changes were determined by non-parametric Friedman test for repeated-measures to examine the influence of storage time. Finding the significant differences (P \< 0.05), Wilcoxon signed-rank test was used for those groups. *Post-hoc* analysis was conducted with a Bonferroni correction applied, resulting in a significance level set at P \< 0.006 (0.05/9 = 0.0055). All statistical analyses were performed using SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA). To determine the clinically significant variations the percentage relative bias from the baseline sample was calculated by the formula: $$\left\lbrack {\left( {\text{Cx} - \text{C}1} \right)/\text{C}1}{(\rbrack} \right. \times 100.$$

1.  C1: the median result of the T~0~ sample (N = 15),

2.  Cx: the median result of the stored sample (N = 15).

Percentage relative bias for paired groups (T~0~--T~6~, T~0~--T~12~, T~0~--T~18~, etc.) was then compared with the current analytical quality specifications for desirable bias taken from the Westgard QC ([@b10-biochem-med-22-2-202-7]), which was first published at 1999 and updated at 2012 by Ricos et al.

Results
=======

The results of the present investigation at T~0~ are presented in [Table 2](#t2-biochem-med-22-2-202-7){ref-type="table"} along with the reference intervals for each analyte.

The statistical analysis of serum gel / clot contact time and temperature effects is presented in [Table 3](#t3-biochem-med-22-2-202-7){ref-type="table"}. The tests that were suitable for analysis on the third day of storage in all groups were cholesterol, triglycerides, creatinine, CK, ALP, ALT, GGT LD based on clinically meaningful variations, as reflected by deviation from the current analytical quality specifications for desirable bias ([@b10-biochem-med-22-2-202-7]). Albumin and total protein concentrations did not show any difference significantly up to 72-h in all groups.

Time-course plots for selected analytes that illustrate various stability situations are presented in [Figure 1](#f1-biochem-med-22-2-202-7){ref-type="fig"}. Glucose, uric acid, BUN, and HDL were found as the least stable tests. Glucose concentrations decreased markedly beginning from the first hours of storage especially in plain serum (by more than 18% just in one day) at RT. HDL was the least stable when stored at room temperature in plain serum. BUN and uric acid were stable only in chilled serum with gel barrier as long as 30-h. AST increased only one or two units up to 48-h of storage in all four groups. The percentage changes in total bilirubin were under the clinically meaningful variations when stored in serum gel tubes either at RT or chilled up to one week ([Table 3](#t3-biochem-med-22-2-202-7){ref-type="table"}). There were no failures in barrier formation in the gel tubes during the study.

Discussion
==========

Contrary to possible expectations, the wide range of biochemical analytes that are stored in separator tubes for several days was more stable than had already been believed. The current study demonstrates that concentrations of albumin, total protein, creatinine, cholesterol, triglycerides and activities of GGT, ALP, ALT, CK, LD did not differ either in serum separator gel tube or in plain tube and can be measured reliably in samples kept at RT or at 4 °C for at least three days after centrifugation. Glucose concentrations decreased with increasing serum-clot contact time in plain tube and the rate of decrease was sensitive to temperature like previous studies ([@b11-biochem-med-22-2-202-7],[@b12-biochem-med-22-2-202-7]). This decrease was attributed to glycolytic action of erythrocytes and leukocytes ([@b13-biochem-med-22-2-202-7],[@b14-biochem-med-22-2-202-7]) cited by Tietz ([@b15-biochem-med-22-2-202-7]). The rate of decrease may be minimized when refrigerated at 4 °C. BUN demonstrated a better performance with a gel barrier like a previous study ([@b16-biochem-med-22-2-202-7]) where the increase in BUN was attributed to hemoconcentration in serum plain at both temperatures.

The stability of total bilirubin in gel tubes over time demonstrated the efficiency of gel barrier regardless of the temperature in the current study. Similar to the study from Heins *et al*. ([@b17-biochem-med-22-2-202-7]), the concentrations of total bilirubin showed a decreasing trend stored in plain serum at RT.

In general, uric acid instability was prominent at RT like previous studies ([@b17-biochem-med-22-2-202-7],[@b18-biochem-med-22-2-202-7]), and gel tube had no advantages over plain tube.

During the experimental study, creatinine showed decreases only in concentrations from 18 to 24-h with gel tube at RT, and 48 to 72-h with chilled plain tube exceeding the desirable bias; however, these 8.8 μmol/L decreases may not be considered clinically significant. Similar results were obtained by Heins *et al*. ([@b17-biochem-med-22-2-202-7]). Besides, in contrast to the previous study ([@b16-biochem-med-22-2-202-7]), we demonstrated that gel tube has no advantage over plain tube for creatinine assay. In the current study, small changes in concentrations were observed for albumin and total protein which were outside the maximum desirable bias ([@b10-biochem-med-22-2-202-7]). However, the analytical and biological variations of those analytes are very small, for that reason we considered the changes in concentrations as clinically insignificant.

Cholesterol and triglycerides were stable up to one week in the current study. Similar results were obtained by Boyanton and Blick ([@b18-biochem-med-22-2-202-7]).

For HDL, gel tubes at RT and, plain tubes at 4 ºC displayed similar results and were stayed stable up to 36-h. However, in plain tube at RT, HDL concentrations increased by 8.8% at 12-h to a level that exceeded the clinically significant value. O'Keane and Cunningham ([@b16-biochem-med-22-2-202-7]) reported non significant changes up to 48-h in serum gel and in serum plain at RT or at 4 ºC. Heins *et al*. ([@b17-biochem-med-22-2-202-7]) reported increases in HDL concentrations in plain serum at RT, but found as stable at 9 ºC.

Since there are discrepancies between the results of other studies and the present study, it might be explained by differences in analytic methods, by different storage temperatures and assay intervals as most of them assayed in the same run, however in the current study all were assayed at different time points like Heins *et al*. ([@b17-biochem-med-22-2-202-7]).

The enzymes GGT, ALP, CK and ALT were found as stable up to 72-h of storage in all groups. Heins *et al*. ([@b17-biochem-med-22-2-202-7]) found the same stability in plain serum up to one week at RT except for CK.

LD activity was stable as long as one week in serum gel tube at both temperatures.

The impressive peaks in the activity of LD at one week in plain sera may be due to interference of hemolysis ([@b19-biochem-med-22-2-202-7]--[@b21-biochem-med-22-2-202-7]) caused by changes in cell permeability, and to the fragility of erythocyte membrane during the prolonged storage. Sodi *et al*. ([@b22-biochem-med-22-2-202-7]) examined the effect of sample transportation on possible hemolysis, and concluded the advantages of gel barrier tubes over plain tubes. Heins *et al*. ([@b17-biochem-med-22-2-202-7]) also emphasized the instability of LD in whole blood.

In this study, AST activity changed only a few units despite the marked percentage biases and may not be considered as clinically significant as long as 48-h of storage in all four groups. Heins *et al*. ([@b17-biochem-med-22-2-202-7]) also noted the stability of AST stayed until one week at RT.

For total bilirubin, glucose, BUN, uric acid and LD, gel tubes showed enhanced stability compared to plain tubes and the stability can be maximized by refrigeration at 4 ºC. Practically, gel tubes can be preferred for prolonged storage, for protection against possible contamination while aliquoting and for possible cell leakage.

There are two limitations that need to be acknowledged regarding the present study. The first limitation concerns the visible detection of the possible hemolysis. We have not studied the free hemoglobin concentrations in the sera stored during the process. So, we have only attributed the biases of LD to the possible hemolysis interference. Besides, the evaluation of the storage conditions were done on a defined analyzer with its corresponding reagents with the samples stored in defined tube types. Therefore, the results of the current study might not be universally reproducible with other testing systems for the evaluation of the stabilities of samples stored for a time period before analysis.

In conclusion, in the current study, we have shown that the concentrations of many analytes in sera in separator tube with gel or without gel did not show any significant changes even at RT as long as three days. Therefore, those mentioned analytes may be measured reliably in mailed blood samples. However it is important to note that, in hotter climates, (higher than the defined room temperature in this study), if the samples needed to be stored for long periods until analysis, gel tubes and storage with cold packs may be a better option.
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###### 

Intra-assay coefficient of variations determined at two levels (Level 1 and 2).

  **Analyte**                         **CV 1 (%)**   **Level 1**   **CV 2 (%)**   **Level 2**
  ----------------------------------- -------------- ------------- -------------- -------------
  Alanine aminotransferase (U/L)      1.5            37            0.7            110
  Albumin (g/L)                       1.8            39.8          2.0            23.7
  Alkaline phosphatase (U/L)          2.1            93            0.4            415
  Aspartate aminotransferase (U/L)    2.1            37            0.5            186
  Bilirubin (total) (μmol/L)          1.5            17.7          0.5            90
  Cholesterol (mmol/L)                0.6            6.84          0.6            2.59
  Creatinine (μmol/L)                 2.2            181           0.7            539
  Creatine kinase (U/L)               0.9            135           0.3            431
  Glucose (mmol/L)                    0.4            5             0.7            16.5
  Gamma -glutamyl transferase (U/L)   0.7            61.2          0.5            156
  HDL-cholesterol (mmol/L)            3.3            1.89          5.3            0.81
  Lactate dehydrogenase (U/L)         1.0            202           0.8            372
  Protein (total) (g/L)               0.6            67.8          1.3            43.3
  Triglyceride (mmol/L)               0.4            2.07          1.0            0.95
  Urea nitrogen (mmol/L)              0.0            5.36          1.6            16.83
  Uric acid (μmol/L)                  0.8            302           0.8            592

For CV measurement, 10 samples were assayed on each level on the same plate.

###### 

Methods, T~0~ (median and interquartile range) values and reference intervals.

  **Analyte**                         **Method**                        **Median (IQR)**    **Reference interval\***
  ----------------------------------- --------------------------------- ------------------- ----------------------------------------------------------------
  Alanine aminotransferase (U/L)      UV without P5P                    15 (9--65)          3--44
  Albumin (g/L)                       Bromcresol green                  44 (40--48)         35--52[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  Alkaline phosphatase (U/L)          PNPP                              69 (37--135)        44--134
  Aspartate aminotransferase (U/L)    UV without P5P                    14 (8--31)          10--32
  Bilirubin (total) (μmol/L)          Diazonium ion                     10.9 (6.3--56.8)    5--21[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  Cholesterol (mmol/L)                CHOD-PAP                          4.44 (3.52--6.92)   3.13--6.97
  Creatinine (μmol/L)                 Alkaline picrate                  71 (44--97)         56--101
  Creatine kinase (U/L)               UV-NAC activated                  84 (27--170)        ≤ 145[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  Glucose (mmol/L)                    Hexokinase                        5.25 (4.05--7.33)   4.00--5.83
  Gamma -glutamyl transferase (U/L)   γ-glutamyl-carboxy nitroanilide   20 (10--49)         \< 38[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  HDL-cholesterol (mmol/L)            Direct, non-immunologic           1.41 (0.67--2.10)   0.8--2.0
  Lactate dehydrogenase (U/L)         Lactate-pyruvate, UV              164 (123--222)      \< 247[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  Protein (total) (g/L)               Biuret                            71(67--80)          66--83[^§^](#tfn3-biochem-med-22-2-202-7){ref-type="table-fn"}
  Triglyceride (mmol/L)               GPO-PAP                           0.84 (0.54--3.01)   0.4--3.5
  Urea nitrogen (mmol/L)              Urease, UV                        4.5 (2.9--7.1)      2.1--6.8
  Uric acid (μmol/L)                  Uricase, PAP                      232 (155--411)      130--480

method-specific reference intervals established in-house from analysis of healthy adults ([@b23-biochem-med-22-2-202-7]);

reference intervals established by manufacturer (Abbott Diagnostics).

###### 

Comparison of tubes with gel and without gel for analytes at room temperature or 4 degrees centigrade according to time of analysis (hour, week).

  **Analyte**                                                        **Tube type**   **Temp**       **0.5 h**      **6 h**        **12 h**       **18 h**       **24 h**       **30 h**       **36 h**   **48 h**   **72 h**   **1 w**   **Desirable bias**
  ------------------------------------------------------------------ --------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- ---------- ---------- ---------- --------- --------------------
  Albumin (g/L)                                                      gel             24°C           44             45             44             44             44             43             44         44         44         44        1.3%
  **(2.3%)**                                                         (0.0%)          (0.0%)         (0.0%)         **(−2.3%)**    (0.0%)         (0.0%)         (0.0%)         (0.0%)                                                    
  P=0.806                                                            P=0.138         P=0.372        P=0.495        P=0.083        P=0.145        P=0.224        P=0.233        P=0.124                                                   
  4°C                                                                44              44             44             44             44             43             43             44             44         44                              
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         **(−2.3%)**    **(−2.3%)**    (0.0%)         (0.0%)         (0.0%)                                                    
  **P=0.005**                                                        P=0.053         P=0.058        P=1.000        P=0.027        P=0.162        P=0.083        P=0.076        P=0.052                                                   
  w/o gel[^\*^](#tfn4-biochem-med-22-2-202-7){ref-type="table-fn"}   24°C            44             43             45             44             44             45             44             44         44         44                   
  **(−2.3%)**                                                        **(2.3%)**      (0.0%)         (0.0%)         **(2.3%)**     (0.0%)         (0.0%)         (0.0%)         (0.0%)                                                    
  P=0.593                                                            P=0.249         P=0.279        P=0.589        P=0.100        P=0.598        P=0.519        P=0.219        P=0.250                                                   
  4°C                                                                44              44             45             44             45             44             44             44             44         45                              
  (0.0%)                                                             **(2.3%)**      (0.0%)         **(2.3%)**     (0.0%)         (0.0%)         (0.0%)         (0.0%)         **(2.3%)**                                                
  P=1.000                                                            P=0.406         P=0.124        P=0.578        P=0.490        P=0.030        P=0.113        P=0.084        P=0.406                                                   
                                                                                                                                                                                                                                         
  Alkaline phosphatase (U/L, 37^°^ C)                                gel             24°C           68             67             69             70             67             68             69         65         65         65        6.4%
  (−1.5%)                                                            (1.5%)          (2.9%)         (−1.5%)        (0.0%)         (1.5%)         (−4.4%)        (−4.4%)        (−4.4%)                                                   
  P=0.727                                                            P=0.932         P=0.632        P=0.108        P=0.357        P=0.518        P=0.124        **P=0.001**    **P=0.001**                                               
  4°C                                                                68              67             68             68             69             68             69             66             69         69                              
  (−1.5%)                                                            (0.0%)          (0.0%)         (1.5%)         (0.0%)         (1.5%)         (−2.9%)        (1.5%)         (1.5%)                                                    
  P=0.483                                                            P=0.555         P=0.861        P=0.206        P=0.513        P=0.746        P=0.191        P=0.055        P=0.055                                                   
  w/o gel                                                            24°C            69             68             68             67             68             69             70             67         66         66                   
  (−1.5%)                                                            (−1.5%)         (−2.9%)        (−1.5%)        (0.0%)         (1.5%)         (−2.9%)        (−4.4%)        (−4.4%)                                                   
  P=0.977                                                            P=0.437         P=0.238        P=0.113        P=0.135        P=0.864        P=0.153        **P=0.001**    **P=0.001**                                               
  4°C                                                                69              66             68             67             67             68             70             67             67         67                              
  (−4.4%)                                                            (−1.5%)         (−2.9%)        (−2.9%)        (−1.5%)        (1.5%)         (−2.9%)        (−2.9%)        (−2.9%)                                                   
  P=0.301                                                            P=0.432         P=0.029        P=0.013        P=0.118        P=0.105        P=0.014        P=0.008        P=0.014                                                   
                                                                                                                                                                                                                                         
  Alanine aminotransferase (U/L, 37^°^ C)                            gel             24°C           15             15             15             15             15             15             15         15         15         14        12%
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (−6.7%)                                                   
  P=0.782                                                            P=0.380         P=0.564        P=0.675        P=0.327        P=0.351        P=0.380        P=0.763        **P=0.002**                                               
  4°C                                                                15              15             15             15             14             15             15             15             16         15                              
  (0.0%)                                                             (0.0%)          (0.0%)         (−6.7%)        (0.0%)         (0.0%)         (0.0%)         (6.7%)         (0.0%)                                                    
  P=0.366                                                            P=0.414         P=0.129        P=0.096        P=0.194        P=0.102        P=1.000        P=0.070        P=0.073                                                   
  w/o gel                                                            24°C            15             15             15             15             15             15             14             16         15         12                   
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         (−6.7%)        (6.7%)         (0.0%)         **(−20%)**                                                
  P=0.038                                                            P=0.334         P=0.377        **P=0.002**    P=0.109        **P=0.002**    P=0.366        P=0.803        **P=0.001**                                               
  4°C                                                                15              15             16             15             14             16             15             15             14         14                              
  (0.0%)                                                             (6.7%)          (0.0%)         (−6.7%)        (6.7%)         (0.0%)         (0.0%)         (−6.7%)        (−6.7%)                                                   
  P=0.557                                                            P=0.109         P=0.527        **P=0.002**    P=0.782        P=0.053        P=0.109        **P=0.002**    **P=0.001**                                               
                                                                                                                                                                                                                                         
  Aspartate aminotransferase (U/L, 37°C)                             gel             24°C           14             15             15             15             14             15             14         16         14         13        5.4 %
  **(7.1%)**                                                         **(7.1%)**      **(7.1%)**     (0.0%)         **(7.1%)**     (0.0%)         **(14.3%)**    (0.0%)         **(−7.1%)**                                               
  P=0.132                                                            P=0.006         P=0.005        P=0.739        P=0.317        P= 0.218       P=0.030        P=0.080        P=0.034                                                   
  4°C                                                                14              15             14             15             16             15             15             15             17         15                              
  (7.1%)                                                             (0.0%)          **(7.1%)**     **(14.3%)**    **(7.1%)**     **(7.1%)**     **(7.1%)**     **(21.4%)**    **(7.1%)**                                                
  P=0.132                                                            **P=0.006**     P=0.020        P=0.107        P=0.163        P=0.052        P=0.366        **P=0.001**    **P= 0.001**                                              
  w/o gel                                                            24°C            15             15             16             15             15             15             16             15         15         16                   
  (0.0%)                                                             **(6.7%)**      (0.0%)         (0.0%)         (0.0%)         **(6.7%)**     (0.0%)         (0.0%)         **(6.7%)**                                                
  P=0.236                                                            P=0.285         P=0.026        P=0.315        P=0.739        P=1.000        P= 0.038       **P=0.005**    P=0.404                                                   
  4°C                                                                15              15             16             15             16             16             17             16             20         16                              
  (0.0%)                                                             **(6.7%)**      (0.0%)         **(6.7%)**     **(6.7%)**     **(13.3%)**    **(6.7%)**     **(33.3%)**    **(6.7%)**                                                
  P=0.109                                                            P=0.166         P=0.026        P=0.112        P=0.458        **P=0.002**    P=0.564        **P=0.001**    **P=0.005**                                               
                                                                                                                                                                                                                                         
  Bilirubin (total) (μmol/L)                                         gel             24°C           10.9           10.8           10.8           9.9            10.6           10.3           10.6       10.9       11.1       11.6      11.4%
  (−1.6%)                                                            (−1.6%)         (−9.3%)        (−3.1%)        (−6.2%)        (−3.1%)        (0.0%)         (1.7%)         (6.3%)                                                    
  **P=0.001**                                                        **P=0.001**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    P=0.007        P=0.136        P=0.589                                                   
  4°C                                                                10.9            10.4           10.3           10.3           10.4           10.3           10.3           10.3           10.3       11.1                            
  (−4.7%)                                                            (−6.2%)         (−6.2%)        (−4.7%)        (−6.2%)        (−6.2%)        (−6.2%)        (−6.2%)        (1.7%)                                                    
  **P=0.001**                                                        **P=0.001**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.002**    **P=0.006**                                               
  w/o gel                                                            24°C            10.9           10.3           10.3           9.6            10.3           10.3           9.9            9.9        9.9        9.9                  
  (−6.2%)                                                            (−6.2%)         **(−12.4%)**   (−6.2%)        (−6.2%)        (−9.3%)        (−9.3%)        (−9.3%)        (−9.3%)                                                   
  **P=0.005**                                                        **P=0.001**     **P=0.001**    **P=0.003**    **P=0.001**    **P=0.001**    P=0.009        P=0.030        P=0.010                                                   
  4°C                                                                10.9            10.6           9.9            9.1            10.8           10.3           10.6           10.6           9.9        12.3                            
  (−3.1%)                                                            (−9.3%)         **(−17.2%)**   (−1.6%)        (−6.2%)        (−3.1%)        (−3.1%)        (−9.3%)        (12.5%)                                                   
  P=0.007                                                            **P=0.001**     **P=0.001**    P=0.200        **P=0.001**    P=0.972        P=0.141        P=0.019        **P=0.001**                                               
                                                                                                                                                                                                                                         
  Cholesterol (mmol/L)                                               gel             24°C           4.43           4.46           4.43           4.48           4.58           4.56           4.46       4.53       4.48       4.58      4 %
  (0.6%)                                                             (0.0%)          (1.2%)         (3.5%)         (2.9%)         (0.6%)         (2.4%)         (1.2%)         (3.5%)                                                    
  **P=0.001**                                                        P=0.014         P=0.021        P=0.030        **P=0.004**    **P=0.001**    **P=0.002**    **P=0.001**    P=0.062                                                   
  4°C                                                                4.40            4.50           4.50           4.50           4.50           4.50           4.50           4.50           4.50       4.50                            
  (1.8%)                                                             (1.8%)          (0.7%)         (1.8%)         (2.3%)         (2.3%)         (1.1%)         (1.8%)         (1.8%)                                                    
  P=0.016                                                            P=0.011         **P=0.001**    **P=0.002**    P=0.068        P=0.068        P=0.047        **P=0.001**    P=0.019                                                   
  w/o gel                                                            24°C            4.46           4.43           4.48           4.58           4.58           4.46           4.51           4.53       4.56       4.61                 
  (−0.7%)                                                            (0.5%)          (2.7%)         (2.7%)         (0.0%)         (1.1%)         (1.6%)         (2.2%)         (3.4%)                                                    
  P=0.771                                                            P=0.012         **P=0.001**    **P=0.001**    **P=0.002**    **P=0.005**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                4.50            4.50           4.50           4.40           4.50           4.50           4.40           4.50           4.50       4.60                            
  (1.6%)                                                             (1.1%)          (−0.7%)        (0.0%)         (0.5%)         (−0.7%)        (1.1%)         (0.0%)         (2.7%)                                                    
  P=1.000                                                            P=0.111         P=0.406        P=0.580        P=0.020        P=0.032        **P=0.002**    **P=0.001**    **P=0.001**                                               
                                                                                                                                                                                                                                         
  Creatine kinase (U/L, 37^°^ C)                                     gel             24°C           83             83             84             83             83             83             82         82         92         97        11.5 %
  (0.0%)                                                             (1.2%)          (0.0%)         (0.0%)         (0.0%)         (−1.2%)        (−1.2%)        (10.8%)        **(16.9%)**                                               
  P=0.593                                                            P=0.548         P=0.282        P=0.249        P=0.471        P=0.472        P=0.871        P=0.186        P=0.045                                                   
  4°C                                                                83              82             83             84             84             83             81             82             83         81                              
  (−1.2%)                                                            (0.0%)          (1.2%)         (1.2%)         (0.0%)         (−2.4%)        (−1.2%)        (0.0%)         (−2.4%)                                                   
  P=0.346                                                            P=0.544         P=0.318        P=0.110        P=0.840        P=0.747        P=0.609        P=0.142        P=0.401                                                   
  w/o gel                                                            24°C            84             83             85             86             85             84             86             85         86         105                  
  (−1.2%)                                                            (1.2%)          (2.4%)         (1.2%)         (0.0%)         (2.4%)         (1.2%)         (2.4%)         **(25%)**                                                 
  P=0.008                                                            P=0.714         P=0.716        P=0.078        P=0.593        P=0.297        P=0.593        P=0.233        **P=0.001**                                               
  4°C                                                                83              82             83             84             84             83             81             82             83         81                              
  (− 1.2%)                                                           (0.0%)          (1.2%)         (1.2%)         (0.0%)         (−2.4%)        (−1.2%)        (0.0%)         (−2.4%)                                                   
  P=0.175                                                            P=0.816         P=0.399        P=0.336        P=1.000        P=0.305        P=0.088        **P=0.006**    **P=0.003**                                               
                                                                                                                                                                                                                                         
  Creatinine (μmol/L)                                                gel             24°C           70.7           70.7           70.7           70.7           61.9           70.7           70.7       70.7       70.7       70.7      4.0 %
  (0.0%)                                                             (0.0%)          (0.0%)         **(−12.5%)**   (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)                                                    
  P=0.317                                                            P=0.705         P=0.102        P=0.705        P=0.655        P=0.655        P=1.000        P=0.655        P=0.102                                                   
  4°C                                                                70.7            70.7           70.7           70.7           70.7           70.7           70.7           70.7           70.7       70.7                            
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)                                                    
  P=1.000                                                            P=0.705         P=1.000        P=0.655        P=0.705        P=0.180        P=1.000        P=1.000        P=0.655                                                   
  w/o gel                                                            24°C            70.7           70.7           70.7           70.7           70.7           70.7           70.7           70.7       70.7       70.7                 
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)                                                    
  P=0.317                                                            P=0.157         P=0.020        P=0.059        P=0.096        P=0.180        **P=0.005**    P=1.000        P=0.180                                                   
  4°C                                                                70.7            70.7           70.7           70.7           70.7           70.7           70.7           70.7           61.9       70.7                            
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         (0.0%)         (0.0%)         **(−12.5%)**   (0.0%)                                                    
  P=0.480                                                            P=0.257         P=0.011        P=0.180        P=0.180        P=0.020        P=0.317        **P=0.002**    P=0.102                                                   
                                                                                                                                                                                                                                         
  γ-Glutamyltransferase (U/L, 37°C)                                  gel             24°C           20             19             20             19             20             20             19         19         19         21        10.8 %
  (−5%)                                                              (0.0%)          (−5%)          (0.0%)         (0.0%)         (−5%)          (−5%)          (−5%)          (5%)                                                      
  P=0.206                                                            P=0.206         P=0.058        P=0.627        P=0.190        P=0.903        P=0.386        P=0.429        P=0.206                                                   
  4°C                                                                20              19             18             19             19             20             19             20             18         18                              
  (−5%)                                                              (−10%)          (−5%)          (−5%)          (0.0%)         (−5%)          (0.0%)         (−10%)         (−10%)                                                    
  P=0.130                                                            P=0.013         P=0.366        P=0.739        P=0.206        P=0.791        P=0.564        P=0.021        P=0.290                                                   
  w/o gel                                                            24°C            19             20             20             19             19             19             20             19         20         21                   
  (5.3%)                                                             (5.3%)          (0.0%)         (0.0%)         (0.0%)         (5.3%)         (0.0%)         (5.3%)         (10.5%)                                                   
  P=0.366                                                            P=0.166         P=0.763        P=0.102        P=0.160        **P=0.001**    P=0.627        P=0.107        **P=0.002**                                               
  4°C                                                                19              19             18             19             20             20             21             19             20         20                              
  (0.0%)                                                             (−5.3%)         (0.0%)         (5.3%)         (5.3%)         (10.5%)        (0.0%)         (5.3%)         (5.3%)                                                    
  P= 0.782                                                           P=0.730         P=0.414        P=0.159        P=0.773        **P=0.002**    P=0.271        P=0.272        **P=0.002**                                               
                                                                                                                                                                                                                                         
  Glucose, mmol/L                                                    gel             24°C           5.27           5.22           5.27           5.16           5.00           5.22           4.94       4.94       4.88       4.77      2.2 %
  (−1.0%)                                                            (0.0%)          (−2.1%)        **(−5.3%)**    (−1.0%)        **(−6.3%)**    **(−6.3%)**    **(−7.4%)**    **(−9.5%)**                                               
  P=0.026                                                            P=0.334         P=0.400        **P=0.003**    **P=0.003**    **P=0.003**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                5.27            5.27           5.33           5.27           5.22           5.22           5.16           5.11           5.05       5.00                            
  (0.0%)                                                             (1.1%)          (0.0%)         (−1.1%)        (−1.1%)        (−2.1%)        **(−3.0%)**    **(−4.2%)**    **(−5.1%)**                                               
  P=0.313                                                            P=0.108         P=0.352        P=0.028        P=0.020        P=0.009        **P=0.002**    **P=0.001**    **P=0.001**                                               
  w/o gel                                                            24°C            5.22           4.83           5.05           4.77           4.27           4.22           4.05           3.77       3.33       1.0                  
  **(−7.5%)**                                                        **(−3.3%)**     **(−8.6%)**    **(−18.2%)**   **(−19.2%)**   **(−22.4%)**   **(−27.8%)**   **(−36.2%)**   **(−80.8%)**                                              
  **P=0.001**                                                        **P=0.002**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                5.22            4.88           4.77           4.61           4.38           4.27           4.22           4.00           3.84       3.55                            
  **(−6.5%)**                                                        **(−8.6%)**     **(−11.7%)**   **(−16.1%)**   **(−18.2%)**   **(−19.2%)**   **(−23.4%)**   **(−26.4%)**   **(−32%)**                                                
  **P=0.001**                                                        **P=0.001**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
                                                                                                                                                                                                                                         
  HDL-cholesterol (mmol/L)                                           gel             24°C           1.48           1.45           1.42           1.48           1.42           1.48           1.45       1.32       1.40       1.48      5.2 %
  (−2.0%)                                                            (−4.1%)         (0.0%)         (−4.1%)        (0.0%)         (−2.0%)        **(−10.8%)**   **(−5.4%)**    (0.0%)                                                    
  P=0.724                                                            P=0.659         P=0.065        P=0.825        P=0.128        P=0.526        P=0.261        **P= 0.003**   P=0.975                                                   
  4°C                                                                1.48            1.45           1.45           1.48           1.45           1.37           1.50           1.40           1.40       1.42                            
  (−2.0%)                                                            (−2.0%)         (0.0%)         (−2.0%)        **(−7.4%)**    (−1.4%)        **(−5.4%)**    **(−5.4%)**    (−4.1%)                                                   
  P=0.862                                                            P=0.278         P=0.936        P=0.750        P=0.860        P=0.924        P=0.975        P=0.054        P=0.326                                                   
  w/o gel                                                            24°C            1.37           1.42           1.48           1.45           1.50           1.45           1.42           1.35       1.32       1.48                 
  (3.7%)                                                             **(8.0%)**      **(5.8%)**     **(9.5%)**     **(5.8%)**     (3.7%)         (−1.5%)        (−3.7%)        **(8.0%)**                                                
  P=0.437                                                            P=0.012         **P=0.004**    P=0.011        P=0.142        P=0.972        P=0.505        P=0.119        P=0.027                                                   
  4°C                                                                1.37            1.42           1.32           1.37           1.32           1.35           1.40           1.48           1.24       1.45                            
  (3.7%)                                                             (−3.7%)         (0.0%)         (−3.7%)        (−1.5%)        (2.2%)         **(8.0%)**     **(−9.4%)**    **(5.7%)**                                                
  P=0.602                                                            P=0.526         P=0.428        P=0.191        P=1.000        P=0.385        P=0.023        P=0.013        **P=0.004**                                               
                                                                                                                                                                                                                                         
  Lactate dehydrogenase (U/L, 37^°^ C)                               gel             24°C           164            166            168            162            158            165            166        165        161        169       4.3 %
  (1.2%)                                                             (2.4%)          (−1.2%)        (−3.7%)        (0.6%)         (1.2%)         (0.6%)         (−1.8%)        (3.1%)                                                    
  P=0.346                                                            P=0.064         P=0.378        P=0.044        P=0.798        P=0.489        P=0.095        P=0.014        P=0.029                                                   
  4°C                                                                164             162            164            165            160            162            163            160            159        161                             
  (−1.2%)                                                            (0.0%)          (0.6%)         (−2.4%)        (−1.2%)        (−0.6%)        (−2.4%)        (−3.1%)        (−1.8%)                                                   
  P= 0.064                                                           **P=0.006**     P=0.065        P=0.157        P=0.106        P=0.020        P=0.023        P=0.008        P=0.047                                                   
  w/o gel                                                            24°C            160            159            160            159            162            160            164            159        164        304                  
  (−0.6%)                                                            (0.0%)          (−0.6%)        (1.3%)         (0.0%)         (2.5%)         (−0.6%)        (2.5%)         (90%)                                                     
  P=0.864                                                            P=0.063         P=0.600        P=0.394        P=0.593        P=0.284        P=0.269        P=0.648        **P=0.001**                                               
  4°C                                                                160             162            160            161            163            168            165            163            164        201                             
  (1.3%)                                                             (0.0%)          (0.6%)         (1.9%)         (5%)           (3.1%)         (1.9%)         (2.5%)         **(25.6%)**                                               
  P=0.221                                                            P=0.969         P=0.730        P=0.221        P=0.730        P=0.345        P=0.531        P=0.378        **P= 0.001**                                              
                                                                                                                                                                                                                                         
  Protein (total) (g/L)                                              gel             24°C           71             70             70             70             70             70             70         70         70         71        1.2 %
  **(−1.4%)**                                                        **(−1.4%)**     **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    (0.0%)                                                    
  P=0.012                                                            P=0.018         P=0.161        P=0.832        P=0.742        P=0.724        P=0.541        P=0.715        P=0.011                                                   
  4°C                                                                71              70             70             70             70             71             70             71             69         70                              
  **(−1.4%)**                                                        **(−1.4%)**     **(−1.4%)**    **(−1.4%)**    (0.0%)         **(−1.4%)**    (0.0%)         **(−2.8%)**    (0.0%)                                                    
  P=0.467                                                            P=0.490         P=0.449        P=0.374        P= 0.031       P=0.284        P=0.454        P=0.277        P=0.783                                                   
  w/o gel                                                            24°C            71             71             71             70             70             70             70             70         70         74                   
  (0.0%)                                                             (0.0%)          **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(4.2%)**                                                
  P=0.071                                                            P=0.627         P=0.225        P=0.162        P=0.127        P=0.102        P=0.301        P=0.169        P=0.008                                                   
  4°C                                                                71              70             71             70             70             70             69             71             70         72                              
  **(−1.4%)**                                                        (0.0%)          **(−1.4%)**    **(−1.4%)**    **(−1.4%)**    **(−2.8%)**    (0.0%)         **(−1.4%)**    **(1.4%)**                                                
  P=0.026                                                            P=0.034         P=0.449        P=0.589        P=0.028        P=0.040        P=0.490        P=0.298        **P=0.000**                                               
                                                                                                                                                                                                                                         
  Triglycerides (mmol/L)                                             gel             24°C           0.83           0.84           0.86           0.87           0.83           0.86           0.87       0.84       0.86       0.88      10.7 %
  (1.2%)                                                             (3.6%)          (4.8%)         (0.0%)         (2.7%)         (4.8%)         (1.2%)         (3.6%)         (6.0%)                                                    
  P=0.059                                                            P=0.145         **P=0.004**    P=0.009        P=0.062        **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                0.83            0.89           0.88           0.91           0.86           0.86           0.83           0.86           0.87       0.89                            
  (7.2%)                                                             (6.0%)          (9.6%)         (3.6%)         (3.6%)         (0.0%)         (3.6%)         (4.8%)         (7.2%)                                                    
  **P=0.001**                                                        P=0.193         **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  w/o gel                                                            24°C            0.86           0.87           0.87           0.87           0.88           0.88           0.90           0.89       0.90       0.94                 
  (1.2%)                                                             (1.2%)          (1.2%)         (2.3%)         (2.3%)         (4.7%)         (3.5%)         (4.7%)         (9.3%)                                                    
  **P=0.002**                                                        **P=0.002**     **P=0.001**    **P=0.001**    P=0.010        **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                0.83            0.86           0.87           0.88           0.86           0.87           0.89           0.89           0.88       0.90                            
  (3.6%)                                                             (4.8%)          (6.0%)         (3.6%)         (4.8%)         (7.2%)         (7.2%)         (6.0%)         (8.4%)                                                    
  P=0.015                                                            **P=0.002**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
                                                                                                                                                                                                                                         
  Urea nitrogen (mmol/L)                                             gel             24°C           4.64           4.29           4.29           3.93           4.29           4.29           4.29       3.93       4.64       4.64      5.5 %
  **(−6.7%)**                                                        **(−6.7%)**     **(−15.3%)**   **(−6.7%)**    **(−6.7%)**    **(−6.7%)**    **(−15.3%)**   (0.0%)         (0.0%)                                                    
  P=0.206                                                            P=0.046         P=0.084        P=0.161        P=0.109        P=0.331        P=0.218        P=0.062        P=0.083                                                   
  4°C                                                                4.64            4.64           4.64           4.64           4.64           4.64           4.29           4.64           5.00       4.64                            
  (0.0%)                                                             (0.0%)          (0.0%)         (0.0%)         (0.0%)         **(−7.8%)**    (0.0%)         **(7.8%)**     (0.0%)                                                    
  P= 0.776                                                           P=0.053         P=0.102        P=0.339        P=0.248        P=1.000        P=0.564        **P=0.001**    P=0.177                                                   
  w/o gel                                                            24°C            4.29           4.29           4.29           4.64           4.64           4.64           4.29           4.64       5.00       5.36                 
  (0.0%)                                                             (0.0%)          **(8.2%)**     **(8.2%)**     **(8.2%)**     (0.0%)         **(8.2%)**     **(16.6%)**    **(25%)**                                                 
  P=1.000                                                            P=0.942         P=0.130        P=0.206        P=0.796        P=0.1000       P=0.083        **P=0.002**    **P=0.001**                                               
  4°C                                                                4.29            4.64           4.29           4.64           4.64           4.64           4.29           4.64           5.00       5.00                            
  **(8.2%)**                                                         (0.0%)          **(8.2%)**     **(8.2%)**     **(8.2%)**     (0.0%)         **(8.2%)**     **(16.6%)**    **(16.6%)**                                               
  P=0.564                                                            P=0.958         P=0.564        P=0.298        P=0.963        P=0.856        P=0.080        **P=0.001**    **P=0.006**                                               
                                                                                                                                                                                                                                         
  Uric acid (μmol/L)                                                 gel             24°C           232            238            250            244            244            250            256        262        274        274       4.9%
  (2.6%)                                                             **(7.8%)**      **(5.2%)**     **(5.2%)**     **(7.8%)**     **(10.3%)**    **(12.9%)**    **(18.1%)**    **(18.1%)**                                               
  P=0.058                                                            **P=0.001**     **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                232             226            232            238            238            232            244            244            250        244                             
  0.003                                                              (0.0%)          (2.6%)         (2.6%)         (0.0%)         **(5.2%)**     **(5.2%)**     **(7.8%)**     **(5.2%)**                                                
  P=0.033                                                            P=0.446         P=0.296        P=0.444        P=0.145        P=0.034        P=0.015        **P=0.003**    **P=0.001**                                               
  w/o gel                                                            24°C            232            238            244            256            244            250            262            256        268        286                  
  (2.6%)                                                             **(5.2%)**      **(10.3%)**    **(5.2%)**     **(7.8%)**     **(12.9%)**    **(10.3%)**    **(15.5%)**    **(23.3%)**                                               
  **P=0.003**                                                        **P=0.001**     **P=0.001**    **P=0.002**    **P=0.004**    **P=0.001**    **P=0.001**    **P=0.001**    **P=0.001**                                               
  4°C                                                                232             232            232            238            220            226            220            232            238        256                             
  (0.0%)                                                             (0.0%)          (2.6%)         **(−5.2%)**    (−2.6%)        **(−5.2%)**    (0.0%)         (2.6%)         (10.3%)                                                   
  P=0.157                                                            P=0.053         P=0.014        **P=0.001**    P=0.010        P=0.763        P=0.672        **P=0.002**    **P=0.001**                                               

without gel.

P\<0.006 values were written in bold font. Percentages in parenthesis are bias values of specific time points compared to initial value (0.5 h) (% change from T~0~ (0.5-h)).

Bold font indicates samples for which the differences exceeded the maximum desirable bias.
